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ATS-6 SPACECRAFT: IN-FLIGHT ANTENNA PATTERN MEASUREMENT

L. W. Nicholson
ATS Project Office

H. Hanft
B. G. Bemis
R. L. Baldridge
Westinghouse Defense & Electronic Systems Center

INTRODUCTION

The ATS-6 satellite employs a 9.1-meter-diameter parabolic antenna as a major component
of its many configurations of communication links. Figure 1, ATS-6 configuration in-orbit
and prime focus feed diagram, provides a visual description of the antenna and prime focus
feed. A number of additional antennas are carried aboard ATS-6 to provide operational
communications and data links for the technically diverse experimental missions.

A method of measuring in-flight antenna patterns was developed by employing the equip-
ment used in the RFI experiment for the investigation of C-band terrestrial noise sources.
Specific antenna pattern measurement was accomplished by predetermined spacecraft.
maneuvers that were executed from the ATS Operations Control Center (ATSOCC). The
actual resultant attitudes during the maneuvers were measured, specifically, referring to
the line of sight to the Rosman ground station, in spacecraft body coordinates. The atti-
tudes were computed and correlated to GMT at the ATSOCC in 3-second intervals
and relayed to Rosman for input to the RFI Receiver/Analyzer system (employing a
PDP-11 computer). Relative signal power measurements were determined by using the
linear detector in the RFI Receiver/Analyzer and correlated to GMT. The signal level
measurement data and attitude measurement data were recorded together on digital mag-
! netic tape and subsequently correlated by means of the GMT data. The results provided
relative signal level power measurements, corresponding to attitude data suitable for
antenna pattern plots. The patterns obtained from this method were those of radio
frequency beams transmitted from the spacecraft. A similar method was employed to
achieve received antenna patterns while recording the signal level received by the spacecraft.
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PREFLIGHT ANTENNA PATTERN MEASUREMENT

Preflight antenna patterns were made by conventional means with the normal coordinates
in rectangular form, providing plots of relative power versus angle. The patterns were anno-
tated with the directional measurements of N, S, E, and W. These directions are defined
according to Figure 2, spacecraft-earth geometry, which also defines the axes of the ATS
spacecraft.

For most of the preflight patterns measured, the center of the main lobe was considered to
be zero, or on boresight. The types of antenna pattern measurements made include the
following:

Hard Dish Patterns

Hard dish measurements used a full-size approximation of ATS-6 having a 9.1-meter-
diameter metallic parabolic dish. The model included the earth viewing module (EVM)
supporting structure and members representing components like the orbit control jets

and associated bar support. Figure 3 is a photograph of the 9.1-meter hard dish and model.
Soft Dish Patterns

Soft dish measurements were made using a 9.1-meter final type antenna reflector (proto-
flight model) with its flexible ribs supported to provide the desired contour.

Best Contour Patterns (Soft Dish)

The 9.1-meter soft dish was held to a good parabolic shape.

Worst Contour Patterns {Soft Dish)

The 9.1-meter soft dish was distorted to provide a “worst contour’ based upon calculated
distortion due to the extreme temperature change the spacecraft would experience in orbit.
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Figure 2. Spacecraft-earth geometry.




Figure 3. 9.1-meter hard dish model.



MEASUREMENT AND SIGNAL PROCESSING

The complex processing techniques and methods of determining “in-orbit” antenna patterns
will be limited only to a very general discussion in this document.

The antenna patterns are derived by measurement of signal power received at the ground
station and at the spacecraft. These signals are collected at the ground station by employing
the Radio Frequency Interference (RFI) Experiment equipment that includes a special
receiver/analyzer. The method determines the patterns in terms of relative gain, and
positions the patterns in spacecraft body coordinates. The results of the measurement are
recorded at the ground station on digital tapes and ATSOCC line printers for computer and

manual reduction, respectively.

The general procedure for antenna pattern measurement is to control the spacecraft attitude
so it scans the antenna pattern to be measured (by slewing the spacecraft) over the Rosman
ground station. The maneuver is executed from the ATSOCC using the digital operational
controller (DOC) in interated angle slew and offset point modes to achieve the desired
pattern contours or corresponding “cuts”. The actual resultant attitude, defining the
line of sight to Rosman as the reference point in terms of spacecraft body coordinates,
shown in Figures 4 and 5, is computed and relayed to Rosman in 3-second intervals for input
"to the RFI receiver/analyzer system (PDP-11). Figure 6, equipment required for antenna
pattern measurement, is a functional diagram. Signal level power measurements are made
by use of the linear detector in the RFI receiver/analyzer and are subsequently correlated
with the attitude data to define the antenna patterns. The measurement results are output
‘from the RFI receiver/analyzer in these forms:

1. Raw Data
This data is the raw digital data tape used for off-line computer determination

and analysis of antenna patterns. The data contains the attitude, time of year,
and selected telemetry parameters, all on a 3-second sample period and
the identified power measurements on a 100-ms sample period.

2.  Reduced Data
This data output is a line printer output of derived antenna pattern data which

is used for off-line manual determination and analysis of the antenna patterns.
This data includes relative antenna gain, attitude, time of year, and selected
telemetry parameters. All data is on a 3-second sample period.

IN-ORBIT ANTENNA PATTERN MEASUREMENT

In-orbit antenna patterns were made by slewing the spacecraft. The attitude of the space-
craft during the slews, in particular the direction of the line of sight to the Rosman ground
“station, are described in a spacecraft body centered coordinate system. Figure 4 shows
the defining geometry of the body centered Zaz, Zcoel(Zazimuth, Zcoelevation)
coordinate system in which the line of sight to the‘-“ground station is described during an



(BODY)
NORTH

EARTH EQUATOR
ZBODY AXIS
POINTED TO ROS

(BODY)
_¥ EAST
+XB
(-3
ZCOEL 9° ZAZ = +00
C. G. OF ATS-6
ZAZ = -90 AT SPHERE CENTER
ROS ROSMAN 35.2° N, 82.9° W IS THE REF FOR BODY
S SUB-SAT, POINT EQUATOR, 94° W g COORDINATES
ZAZ Z AZIMUTH (3‘%2)( )

ZCOEL  Z COELEVATION

SOUTH
(80DY)

Figure 4, ATS-8 body coordinates.



33,]' SPACECRAFT MANEUVER
330. N 0. 1.1° SOUTH
; YIELDS THIS ANTENNA
PATTERN “CUT” 1.1° NORTH
x0. =¥ ]
0. [ | V) .

240. 120.

210. S 130.

180.

RADIAL LINES REPRESENT ZAZ (Z AZIMUTH) 0° TO 360°
CONCENTRIC CIRCLES REPRESENT ZCOEL (Z COELEVATION)
0° TO 180° (0° TO 7° ON DIAGRAM)
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antenna pattern measurement slew. For the patterns presented in this document, the
range of Zaz (azimuth) has been changed to all positive angles in the range 0°to 360° (with
no change in the 0°to + 180°region). These plots accompany the antenna patterns and
indicate the relative motion between the ground station and spacecraft (ATS-6). Some of

the patterns also include a diagram identifying the antenna feed elements on the prime focus

feed (PFF). The coordinates defined in Figure 5 are the ATS-6 body coordinates for
antenna patterns, used in the Zaz, Zcoel diagrams that accompany the patterns. Figure 5
dipicts an east-west-antenna pattern cut 1. 1° north of the'bg)dy Z-axis. The spacecraft
maneuver to achieve this cut is a west-to-east maneuver 1.1 north of the roll axis.

The next section, VHF patterns, describes the necessary spacecraft maneuvers for the
antenna patterns measured. The earth disk display of spacecraft maneuvers for the VHF
pattern measurement, Figure 7 and Figure 8, antenna pattern cuts for VHF measurement,
is an example of how the antenna pattern measurements are accomplished.

VHF PATTERNS

The VHF prime focus feed patterns were measured at 137.11 MHz. The antenna feed ele-
ment locations are shown in Figure 1.

Figure 7, display of earth disk, shows ATS-6 maneuvers for VHF antenna pattern measure-
ment. The display is one that depicts the motion of the spacecraft Z-axis on the earth
surface during the maneuvers. Arrows have been added to indicate the directions of the

slewing.

For the maneuvers (especially for wide angle antenna beams) care is taken not to point the
spacecraft much beyond the earth’s disk, in order to maintain control of the spacecraft.
Therefore, the resulting patterns corresponding to these slews appear incomplete. However,
by overlaying the separate patterns, the very good symmetry of the VHF pattern is
revealed.

It should be noted that when the spacecraft is maneuvered in a northern direction (for a
north-south slew) the southern portion of the antenna pattern is measured, or when the
spacecraft is moving in a southern direction, the northern portion of the antenna pattern
is measured. Figure 8 illustrates antenna pattern cuts corresponding to Figure 7. Figures
9 through 12 are VHF antenna patterns.

10




+1.7dB

-1.6dB

REFERENCE NOTATIONS AND VALUES HAVE BEEN MANUALLY ADDED.

Figure 7. Earth disk display of spacecraft maneuvers for VHF antenna pattern measurement.
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Figure 8. Antenna pattern “‘cuts’”” for VHF measurement.
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: VHF BEAM:  ON-AXIS
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Figure 9. VHF antenna pattern E — W.
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ATS-6 IN FLIGHT ANTENNA PATTERN
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Figure 10. VHF antenna pattern N — S.



ATS-6 IN FLIGHT ANTENNA PATTERN
FEED:  VHF BEAM:  ON-AXIS
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Figure 11. VHF antenna pattern SW — NE.
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ATS-6 IN FLIGHT ANTENNA PATTERN
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Figure 12. VHF antenna pattern NW — SE.



UHF ANTENNA PATTERNS

The UHF patterns were measured at 860 MHz. Antenna feed locations on the PFF are
shown in Figure 1.

For the UHF patterns a comparison may be made between the preflight and in-orbit
measurements since they are plotted together. From this comparison good agreement
between preflight and in-orbit patterns is evident for the main lobe. The first sidelobes

are about 2 dB higher in power level for the in-orbit pattern compared to the preflight
pattern. This may be due to the differences between the hard dish model and the actual
flight model. There is a difference between the hard dish model and the flight model in the
area of the orbit control jet (OCJ) bar located on the east and west truss structure. Figures
13 through 16 are UHF antenna patterns.
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Figure 13. UHF antenna pattern E — W.
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Figure 14. UHF antenna patternN — S,
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ATS-6 IN FLIGHT ANTENNA PATTERN
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SOUTHWEST ANGLE FROM DIAGONAL AXIS IN DEGREES NORTHEAST

Figure 15. UHF antenna pattern SW — NE.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: UHF BEAM: ON AXIS
- FREQ: 860 MHz SCAN: SE-NW
DAY: 166 DATE: 06/15/74

DURING TIME: 0950 TO: 1017 2

PRE-FLIGHT PAT. NO. 35
9/25/73 HARD DISH

210, 120 PRE-FLIGHT -O-0—
180, IN-ORBIT
\
|
|
N \
$ b |/
\ | L )/
\ l i
N !
o !
ml
I
|
©
f
6 4 2 D 2 4 B

SOUTHEAST  ANGLE FROM DIAGONAL AXIS IN DEGREES NORTHWES‘\I’
Figure 16. UHF antenna pattern SE — NW.
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L-BAND PENCIL BEAM PATTERNS

The L-band pencil beam is of the “offset’;type, specifically seen to be offset from the
spacecraft Z-axis by 1° to the east and 3.9 to the north. (Figure 1 shows feed offset to

the west which places beam offset to the east.)

In-flight patterns for various cuts were accomplished. The two W—E patterns at 46 N,

Figure 17 and 3.84° N, Figure 18 were made to check the repeatability of the measurements,

which showed it to be good. The SW—NE measurement was made because of the interest
in the pencil beam’s northeasterly direction. Figures 17 through 20 are L-band pencil

beam antenna patterns.

22



ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: PENCIL

. FREQ: 1550 MHz SCAN: W-E 4°N
DAY : 300 DATE: 10/27/74
DURING TIME: 0136 TO: 01452

-10. - 1

s L \

i
il

gl L]
-B8. -4, -&. 0. 2. 4, B. 8,

WEST ANGLE FROMPITCH AXIS IN DEGREES EAST

Figure 17. L-band pencil beam pattern E — W.



ATS-B IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: PENCIL

x1. FREQ: 1550MHz  SCAN: W-E 3.84° N
pAY: 300 DATE: 10/27/74
DURING TIME: 0017 TO: 00242Z

-10.

-15. f

Q.

{ w
N
4]

L

-45.
-6. -4, -2. 0. 2. 4 6. &

WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 18. L-band pencil beam pattern E — W,




ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM:  PENCIL
= FREQ: 1550MHz SCAN: SNI1°E
Dav: 300 CATE:  10/27/74
DURING TIME: 0109 TC: 01202

-45.
-6. 4. -2. 0. 2. 4. & 7 &
SOUTH  ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 19, L-band pencil beam pattern N — S.




L-BAND FAN BEAM PATTERNS

The L-band fan beam is of the offset type in order to cover the North Atlantic area with
the fan beam when ATS-6 is at 94° W longitude.

In attempting to compare the in-flight patterns with those preflight, the cuts chosen
were 3.1° N for the E—W slew and 1° E for the N—S slew. These patterns were “over-
layed” on the preflight pattern, and the results are shown in Figures 21 and 22. The
correlation is quite good for the E—W results except for the ““dip”. This may be because
the preflight pattern was not measured at the same angular distance (3.1° N) as the '
in-flight pattern. Similarly, and for the same reason, the results for the N—S patterns
show some discrepancy. However, extensive in-flight antenna patterns for the L-band
beam for a series of E—W cuts (Figure 21 and Figures 23 through 30; Figure 22 is not
E—W), and N—S cuts (Figures 31 through 52) were made,

A contour pattern of the L-band fan beam showing contours of equal power levels, scaled
to degrees in pitch and roll, is shown in Figure 53.

A three-dimensional model was constructed and is shown in Figure 54 pictorial form.
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RELATIVE POWER -dB

ATS-B6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
FREQ: 1650 MHz SCAN: EW 3.1°N
DAY: 279 DATE: 10/06/74
DURING TIME: 2220 TO: 22452

" PREFLIGHT PATTERN NO. 19 9/28/73
HARD DISH 1650 MHz RCP

LEGEND: IN FLIGHT PATTERN o—o—o
PREFLIGHT PATTERN

¥4
4 Rl %

3
AM”"-&

HHE N
‘L1 A
‘TN L[
30 \“ \[
LY I

4 p [N N S

69876y54”3210123456789
WEST ANGLE FROM S/C Z AXIS IN DEGREES ~ EAST

Figure 21. L-band fan beam pattern E —W 3.1°W.
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ATS-6 IN FLIGHT ANTENNA PATTERN

a .
g FEED: L-BAND BEAM: FAN
FREQ: 1650 MHz SCAN: N-S1°E
] DAY: 279 CATE: 10/06/74
DURING TIME: 1540 TO: 1610 Z
@,
PREFLIGHT PATTERN NO. 10 9/28/73
1650 MHz RCP, HARD DISH
120. .
190. LEGEND: IN FLIGHT PATTERN o—o—o0
100. PREFLIGHT PATTERN
0
2 _ Fal
4 T -
P S i
8 - -
0F- 41 - -
3 PREFLIGHT
2rTTT b
9 S -
4 -
V r { \
6+ \ : % A |~ INORBIT
8 3 — - ___§ /
L
SRR WL
2 - [OY S
4 - P —4 —_ — ——
6 »7—_—-‘ - 4
8 - .1
REEEN Hf
2 L A4 —
o
G S —
sl 1. .S 3
8 76 5 43 2 1 01 23 4 56 178
SOUTH ANGLE FROM S/C Z AXIS NORTH
DEGREES
Figure 22. L-band fan beam pattern N —~S 1° E.
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN
FREQ: 1550 MHz SCAN: W-E 3.6°N
DAY: 279 DATE: 10/06/74
DURING TIME: 1252 TO: 22112

-13.

-3B. i DR -
-6. -4. -2. 0. 2. 4. 6.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 23. L-band fan beam pattern E — W 3.6°N.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
FREQ: 1550 MHz SCAN: EW3.1°N
DAY: 279 DATE: 10/06/74

DURING TIME: 2220 TO: 2240

S \\
/ \

“B: / \
al | \
] N

-22.
-30. \\/
-33. L
-36.
-8 -6. -4, -2. ! 2. 4. B.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 24. L-band fan beam pattern E — W 3,1° N.
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN

=. FREQ: 1550 MHz SCAN: W-E2.6°N
DAY: 279 DATE: 10/06/74
DURING TIME: 2265 TQO: 23152

5%
A\

270.

0 o 180. = _
3 L /] m\\ _ TN
YT TN L

> \[
L \

—B. 4. -2. 0. 2. 4. B.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 25., L-band fan beam pattern E — W 2.6° N.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM:  FAN
m. FREQ: 1550 MHz  SCAN: EwW21°N
DAY: 279 DATE: 10/06/74

DURING TIME: 2341 TO: 235527

|
W
-2}
e ——

-8. -6. -4. -2. 0. 2. 4. 6.

ANGLE FROM PITCH AXIS IN DEGREES _ EAST

Figure 26. L-band fan beam pattern E —W 2.1° N.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND - BEAM: FAN
. FREQ: 1550 MHz SCAN: W-E 1.6°N
DAY: 280 CATE: 10/07/74

DURING TIME: 0012 TO: 0035 Z

-12. 4 -
A ™ / \ N\

B 17t A O A A

6. —4. -2. a. 2. 4. 6.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 27. L-band fan beam pattern E — W 1.6° N,
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
. FREQ: 1550 MHz SCAN: EW 1.1°N
DAY: 280 DATE: 10/07/74

DURING TIME: 0050 TO 0105 Z

e /]

. -4. -2. Q. 2. 4. B.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 28. L-band fan beam pattern E —W 1.1° N.
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN
7. - - m;m. FREQ: 1550MHz  SCAN: W-E0.6°N
DAY: 280 DATE: 10/07/74
DURING TIME: 0115 TO: 01362
240. 120.
210. ' 150.
U 180. B
_3_
-5 ,/”’*‘\\\ N
; SN
-9, \

s A
o 7 \

-18. _
-21. A
—24.
-27.
-30.
-33.
= | __
6. -4. -2. 0. 2. 4. B
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 29. L-band fan beam pattern E — W 0.6°N.

36
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m. aa. :
ATS-B IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN
7. WVW. FREQ: 1550 MHz SCAN: EWO0.1°N
DAY: 280 CATE: 10/07/74
: DURING TIME: 0140 TO: 0210Z
240. 12a.
210. 190,
U- %m.
_3_ :,—___ i
-B. | - —1
-9, -
-12. — - - //_\\
-15. // IR \
dB \ /
i NN/ \
e \l / \
-24, L ] ) Vi
\ J \
‘27. - \/
-30. _
-33. b B
-36. v
-B. —4. -2. a. 2. 4. B.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 30. L-band fan beam pattern E — W 0.1°W.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
- FREQ: 1550 MHz SCAN: S-N5°WwW
DAY: 279 DATE: 10/06/74

DURING TIME: 2000 TO: 2018Z

210. 150.
180.
Q.

-3. - -

-B. _

~g. _ )
~12. - B S

AN | i

-

-35. A - - | )
-1 . 1. 2. 3. 4. 3. B.

SOUTH ANGLE FROM ROLL AXI1S IN DEGREES NORTH

Figure 31. L-band fan beam pattern N — S 5°wW.
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ATS-6 IN FLIGHT ANTENNA RATTERN

FEED: L-BAND BEAM: FAN
~ FREQ: 1550 MHz SCAN: N-S4.5°W
DAY: 279 DATE: 10/06/74

DURING TIME: 1931 TO: 1949Z

210. 130.

-1 a. 1. 2. 3. 4. S. E.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 32. L-band fan beam pattern N — S 4.5° W,
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ATS-B IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
®. FREQ: 1550 MHz SCAN: S.N4°w
DAY: 279 DATE: 10/06/74

DURING TIME: 1909 TO: 19252

0 S
-3. — .
-6. - S
-9. _—
-12. |

BAN .

-27. /1
ol | \ V| | ]
> YERE
-36. ]
-39.
-42, |
-45. .
-1. 0. ) 2. 3. 4. 5. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 33. L-band fan beam pattern N — S 4.0°W,



ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN
% FREQ: 1550 MHz  SCAN: N-S35°W
DAY: 279 DATE: 10/06/74
DURING TIME: 1841 TO: 18592

i
i
ot et P
e |

-t 0. 1. 2. 3. 4. 5. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 34. L-band fan beam pattern N — S 35°wW,
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ATS-B IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
- FREQ: 1500 MHz SCAN: N-S25°W
DAY: 279 DATE: 10/06/74

DURING TIME: 1752 T0: 18102

TN

/|
AN/
/

————

-
—~——
/

|

SOUTH

l. 2. 3. 4. 5. 6.
ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 35. L-band fan beam pattern N —S 2.5° W,



ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN

. FREQ: 1550 MHz SCAN: SN2°W
DAY: 279 DATE: 10/06/74
DURING TIME: 1730 TO: 1746 2

-27. . e
~30. — =1t R
T S R
-35. - 1 U R & . B PR
-1. 0. 1. 2. 3. 4. 5. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 36. L-band fan beam patternN —§ 2°W.
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ATS-B IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
- FREQ: 1550 MHz SCAN: NS 15°wW
DAY: 279 OATE: 10/06/74

DURING TIME: 1700  TO: 1716 Z

d8

SOUTH

.O'\!L;I

0. ). 2. 3. 4. 5.
ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 37. L-band fan beam pattern N —S 1.5°W,
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
. FREQ: 1550 MHz SCAN: S-N1°w
DAY: 279 DATE: 10/06/74

DURING TIME: 1635 TO: 1654 2

) /TN

SOUTH

l. 2. 3. 4. 5. 6.

ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 38. L-band fan beam pattern N — S 1°w.
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- % ATS-6 IN FLIGHT ANTENNA PATTERN
] FEED: L-BAND BEAM: FAN

270. sm. FREQ: 1550 MHz SCAN: N-SO05°WwW
DAY: 279 DATE:  10/06/74
DURING TIME: 1609  TO: 16262

210. 1:,.

-45. , .

-1. 0. I 2. 3. 4. 5. 6.

SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 39. L-band fan beam pattern N — S 0.6° W,



ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
. FREQ: 1550 MHz SCAN:  S-N ON-AXIS
DAY: 279 DATE: 10/06/74

DURING TIME: 1540 TO: 1604 Z

SOUTH

1. 2. 3. 4. 5. 6.
ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 40. L-band fan beam pattern N — S on-axis.
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T30, 0. -
. _ &0. '
- ATS-6 IN FLIGHT ANTENNA PATTERN
i FEED: L-BAND BEAM: FAN
0. . FREQ: 1550 MHz SCAN: N-SOS°E
DAY: 279 DATE: 10/06/74
DURING TIME: 1520 TO: 15402
240. 120.
210. 150.
180.

ARMVIERENERR
MERNEEL| VL

® ol Bl VL

-27. _ | _ _
-30. . _
-33. | - _
-36. , . ) U .
-1. 0. 1. 2. 3. 4. S. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 41. L-band fan beam pattern N — S 0.6° E.
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240.
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dB
-18.
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am o. -
% ATS-B IN FLIGHT ANTENNA PATTERN
P FEED: L-BAND BEAM: FAN
. FREQ: 15560 MHz SCAN: S.N1° E
DAY: 279 DATE: 10/06/74
DURING TIME: 1500 TO: 15152
120.
210. 190.
180. -
___/./ N
//_\\ 4 ne \
/N )\
AVERRI
N/ V| ]
. a. 1. 2. 3. 4. S. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 42. L-band fan beam pattern N — S 1° E.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
. FREQ: 1550 MHz SCAN: N-S1.5°E
DAY: 279 DATE: 10/06/74

DURING TIME: 1430 TO: 145652

/ 1
SN
/ \ / N \
/ WL
AN ] WL A

Figure 43. L-band fan beam pattern N — S 1.5° E.



ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
- FREQ: 1550 MHz SCAN: s-§2°E
DAY: 279 DATE: 10/06/74

DURING TIME: 1348 T0:1407 2

NMERVEEE \4
dB—18. /

"'21 . |
-24.
=27.
_30-
-33.
-36.
-1. 0. 1. 2. 3. 4. 3. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 44. L-band fan beam pattern N - S2° E,
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
. FREQ: 1550 MHz SCAN: N-S25°E
DAY: 279 DATE: 10/06/74

DURING TIME: 1323 TO: 13422

NERAERY SRR

e ]

—27. -
-30. -
-33. - S T . -
—36. I U NN N SR 1 . —

-1. Q. 1. 2. 3. 4. 3. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 45. L-band fan beam pattern N — S 2.6° E.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
FREQ: 1550 MHz SCAN: S-N3°E
DAY: 279 DATE: 10/06/74

DURING TIME: 1258 TO: 13172

.

NEEAEE |

® ol |/ \ N

/|
-27.
_30_
-33.
-36.
-1. 0. 1. 2. 3. 4. 3. 6.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 46. L-band fan beam pattern N —S 3° E,
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN

- FREQ: 1550 MHz SCAN: N-S3.5°E
DAY: 279 DATE: 10/06/74
DURING TIME: 1233 TO: 12522

R \
w / \| \

-18.
\/ \"\__.

-1. a. 1. 2. 3. 4. 3. B-
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 47. L-band fan beam pattern N — S 35°E.
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ATS-B IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN

- FREQ: 1550 MHz SCAN: S-N4°E
DAY: 279 CATE: 10/06/74
DURING TIME: 1209 TO: 12282

-1

. a. 1. 2. 3. 4. VS. B.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 48. L-band fan beam pattern N — S4° E.




ATS-B IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
- FREQ: 1550 MHz SCAN: NS45%€
DAY: 279 DATE: 10/06/74

DURING TIME: 1144 TO: 12022

N
s / / N

ol |/ IR

0 N
_33.
_$_

-1. c. r. 2. 3. 4. 5. 6.

SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 49. L-band fan beam pattern N — S 4.6C E,
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ATS-6 IN PFLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN

™. FREQ: 15850 MHz  SCAN: S.NSOE
DAY: 278 DATE:  10/06/74
DURING TIME: 1116  TOQ: 11352

-l G. }- 2. 3. 4. 3. 6.
SOUTH ANGLE FROM ROLL. AXIS IN DEGREES NORTH

Figure 50. L-band fan beam pattern N —~S6C E,
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: L-BAND BEAM: FAN

. FREQ: 1550 MHz SCAN: N-S55°E

DAY: 279 DATE: 10/06/74
DURING TIME: 1044 T0: 1102 Z

- // TN
N\ | NE LY
\\/ ]
. 0. Ml . 2. h 3 4. 3. | .
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 51. L-band fan beam pattern N — S 5.5° E,



ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: L-BAND BEAM: FAN
2. FREQ: 1550 MHz SCAN: S-N62E
DAY: 279 DATE: 10/06/74

DURING TIME: 1019 T0: 1037 2

—l- U- l- 2- 3. 4- 50 6-
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 52. L-band fan beam pattern N — S 6° E,
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Figure 53. L-band fan beam contours of equal power levels.
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S-BAND ANTENNA PATTERNS

The Prime Focus Feed (PFF) diagram, Figure 1, shows that it contains more S-band
antenna elements than any of the other frequency bands. The on-axis feed consists of the
antenna elements (annulus) surrounding the C-band feed. The antenna patterns for the
on-axis antenna are presented in Figures 55 through 58.

The S-band cross-axis antenna elements are presented in a composite fashion for the E — W
and N — S axis; the diagram of the PFF is included. These antenna patterns essentially show
only the main lobes and are compared with the preflight patterns. Good correlation is
achieved for these patterns. These are shown in Figures 59 and 60 respectively.

Patterns for individual S-band feeds were measured with extra attention paid to the N1 and
N2 beams for the HET experiment. Figures 61 through 64 present the patterns for beam
N1 with Figures 61 and 62 showing the comparison to preflight patterns. Care was taken
to make the antenna pattern cuts go as close as possible through the peak of the beam.

The HET beam, N1, was further measured by taking antenna patterns for a series of “‘cuts.”
These are shown in Figures 65 through 75. These measurements were made for spacecraft
maneuvers in the N — S and E — W directions, for each direction the maneuvers were 0.1°
apart. The results show the peak of the beam location to within 0.1°. Similar measure-
ments were accomplished for the N2 beam (HET) and are presented in Figures 76 through
88.

Beam S1 is shown in Figures 89 and 90 while Beam W1 was measured and is given in
Figures 91 through 94. These patterns indicate the position of the “Beam Peak’ with
respect to the spacecraft axis.

Beam W2 antenna patterns are shown in Figures 95 through 97.
Beam N4 is shown in Figures 98 and 99.

Beam N5 was measured and presented in Figures 100 and 101. This beam provided an
example of an antenna pattern for a feed element at the extreme southern position in the

PFF.
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: ON-AXIS BEAM: ON-AXIS TRANSMIT
. FREQ: 2075 MHz SCAN: EW
DAY: 306 DATE : 2NOV 74
DURING TIME: 1945 TO: 2000 2

-35.% —-
-40. - -
VT3 B
-4, -3, -2. -1, o. 1. 2. s.
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 55. S-band on-axis beam E — W
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: ON-AXIS BEAM: ON-AXIS TRANSMIT
- FREQ: 2076 MHz SCAN:  N-§

DAY: 306 DATE : 2 NOV 74

DURING TIME: 1916 TO: 1930 z

- /N |
VA

-15.

-4, -3. 2. -1. a. 1. 2. 3. 4. S.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 56. S-band on-axis beam N — S,



ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: ON-AXIS BEAM: ON-AXiS TRANSMIT
- FREQ: 2075 MHz SCAN: NE —~SW

DAY: 306 DATE : 2NOV 74

DURING TIME: 2017 TO: 2033 2

AN

N

. = YU
-4, -3.
SOUTHWEST

2. -1 a. 1. 2. 3.

ANGLE FROM DIAGONAL AXIS IN DEGREES

Figure 57. S-band on-axis beam SW — NE,

4. 3.
NORTHEAST
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: ON-AXIS  BEAM: ON-AXIS TRANSMIT
w;. FREQ: 2075MHz SCAN: NwW-—SE

DAY: 306 DATE : 2NOV 74

DURING TIME: 2047 TO: 2104 Z

-5. -4, -3. -2. -1. 0. 1. 2. 3. 4,
NORTHWEST ANGLE FROM DIAGONAL AXIS IN DEGREES SOUTHEAST

Figdre 58. S-band on-axis beam NW — SE,
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TV CAMERA

SBAND ON-AXIS N \ VHE () SBAND SCAN
ELEMENT \< b (NORTH-SOUTH)
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. ¢ x |t Her
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. @. CBAND & HARD DISH 9/20/23 2075 MHz
“\ ATS-6 [N FLIGHT ANTENNA PATTERN POL. RCP
. .é,,,}‘.“\ o FEED: E5-W5 BEAM: W5 - E5 AS INDICATED ;
) ““.g;"'."' " FREQ: 2075 MHz SCAN:  We——g L-BAND PENCIL T X L-BAND FAN i
\Q‘%’I DAY: 308 CATE: 11/4/74 [
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Figure 59. S-band cross-axis patterns E — W,
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TV CAMERA
SBAND ON-AXIS N VHF 14) S-BAND SCAN
ELEMENT /- (NORTH-SOUTH)
®/ X< ohe LEGEND:
IN-FLIGHT PATTERN
T:fr\?S’:ADIT\ - T coinp PRE-FLIGHT PATTERN — — _ _
NN a1 / - I &RF!
H ] SBAND SCAN
2] '/// EASTWEST)
1
WEST — 54321[&12% \— EAST
|1 = 1~ HET
s e o e T O PRI,
-BAND H, ISH 20° Hz
FEED: N5-85 BEAM: S5.N5 AS INDICATED 5 POL. RCP
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DAY: 308 UATE: 11/4/74 N,
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DUQ!'JG TIME: 0214 TC: 0235 2 L BAND PENCIL s L-BAND FAN
DIAGRAM OF PRIME FOCUS FEED
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| Z > =N o — N 4‘\\ =
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Figure 60. S-band cross-axis patterns N — S
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ATS-6 IN FLIGHT ANTENNA PATTERN

LEGEND: IN-ORBIT
FEED: st BEAM: N1 PREFLIGHT = = =
@ FREQ: 2569.2MHz SCAN: E=—W1.19N HAsgl?v‘ DISH 10/1/73
. 2569 MHz
DAY 306 DATE: 2NOV 74 LCP PO6
DURING TIME: 1006 TO: 1017 Z
N
A)
f AN
-S. 7 Y X
/ \ '
! ‘\ :
! |
-1a. . 4 '
! | \ | |
| / | V\ f 7
-15.— ‘ - : T
; ! \
[ VARRN I ! \\ ‘
Vs : )
-20. 7 ~F Y —7"<
dB 1 \ / \
/Ii ! / \\
-25.i AN L l ] \ d .
[ N ‘ ,/ 1
!
N | / l
v\ ' t !
g, LU A | v, yd
W Y g
-35
-40.
-3, -2. -1. 0. 1. 2. 3. 4. S.
WEST ANGLE FROM PITCH AXIS DEGREES
Figure 61.

EAST
S-band beam N1 E — W 1.1° N (HET).
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ATS-B IN FLIGHT ANTENNA PATTERN LEGEND: INORBIT ——
PRE FLIGHT = —=—

FEED: S1 BEAM: N-1
% FREQ: 2569.2 MHz SCAN: N—S HARD DISH 10/1/73
R 2659 MHz
DAY: 306 CATE 2NOV 74 LCP P0G

DURING TIME: 0804 TC: 0918 Z

“' /N

-10.

dB
N[ \
) 4
~25. 7 7 ‘\ ', % \\ /l
‘ ’/ \ h Py
1
/ !
-30. A
[
s \
"35. !
—-40.
-3. 2. -1, a. 1. 2. 3. 4. S.
ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 62. S-band beam N1 N — S (HET),



1L

-10.}

ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: §1 BEAM: N1

. FREQ: 2569.2 MHz SCAN:  NE—SW 0.75°NW
DAY: 306 DATE: 2NOV74
DURING TIME: 0828 T0: 0845 Z

5.

| , \
\ .
{ ] . ;
T | .
| l ‘
| | :
1 l / ! 1 \ J ’
U o
-3. -2. -1. 0. 1. 2. 3.
SOUTHWEST ANGLE FROM DIAGONAL AXIS IN DEGREES NORTHEAST

Figure 63. S-band beam N1 NE — SW 0.75° NW (HET).
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ATS-B IN FLIGHT ANTENNA PATTERN

FEED: St BEAM: N1
®. FREQ: 2569.2 MHz SCAN: NW — SE 0.75°NE
DAY: 306 DATE:  2NOV 74

DURING TIME: 0935 TO: 0951 2

T

3.

-30. )
_35. 1
-40. ‘ : ’
-3. 2. -1. a. I, 2. 3. 4.
NORTHWEST ANGLE FROM DIAGONAL AXIS IN DEGREES SOUTHEAST

Figure 64. S-band beam N1 NW — SE 0.75° NE (HET).



ATS-6 IN FLIGHT ANTENNA PATTERN

N

"\ FEED: St BEAM: N1
(>
é‘.% | | | W. FREQ: 2670 MHz SCAN: E-W 0.8°N
DAY: 048 DATE: 17 FEB 75

DURING TIME: 0043 T0O: 0054 Z

i

130.

N\
\
Vv
oA
\
1
N
-
I

-4 -2 8] 2 4 S}
PITCH ANGLE IN DEGREES EAST

Figure 65. S-band beam N1 E —W 0.8° N (HET).
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240.

210.

ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: 81 BEAM: N1

m. FREQ: 2670 MHz SCAN: E-W 0.9°N
DAY: 048 DATE : 17 FEB 75

DURING TIME: 0028 TO: 0039 Z
120

130

180.

[\
|

WEST

74

-4 -2 8] 2 4 6
PITCH ANGLE IN DEGREES EAST

Figure 66. S-band beam N1 E —W 0.9° N (HET).
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e
ey

ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S1 BEAM: N1
@. FREQ: 2670 MHz SCAN:  EW 1.0°N
DAY: 048 DATE: 17 FEB 75

DURING TIME: 0011 TO: 0021 Z

q*ﬁﬁ

=
- ___'.__-4——’1 .
! | . j

-2 a 2 4 3]
PITCH ANGLE IN DEGREES EAST

Figure 67. S-band beam N1 E —W 1.0° N (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: 81 BEAM: N1

] % FREQ: 2670 MHz SCAN: EW 1.1°N
DAY: 047-048 DATE: 17 FEB 75
DURING TIME: 2357 TO: 0008 Z

GF‘—E
L

L1 J
-6 -4 -2 o 2 4 6
WEST PITCH ANGLE IN DEGREES EAST

Figure 68. S-band beam N1 E —W 1.1° N (HET).
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0.
Q.

.

. %\ = ATS-B IN FLIGHT ANTENNA PATTERN

\ \\ FEED: s1 BEAM: N1

=. FREQ: 2670 MHz SCAN: EW 1.2°N
DAY: 047 CATE: 16 FEB 75
DURING TIME: 2343 T0O: 2354 2z

f2a.

-2 g 2
PITCH ANGLE IN DEGREES

Figure 69. S-band beam N1 E —W 1,2° N (HET).




ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: S1 BEAM: N1

;. FREQ: 2670 MHz SCAN: E-W 1.3°N

DAY: 047 DATE: 16 FEB 75
DURING TIME: 2329 TO: 2340 2

[\
!

WEST

78

-2
PITCH ANGLE IN DEGREES EAST

8] 2 4 6

Figure 70. S-band beam N1 E —W 1.3° N (HET).



30 LB 0
m. e]
ATS—-6 IN FLIGHT ANTENNA PATTERN
FEED: 1 BEAM: N1
zo. L ;. FREQ: 2670 MHz SCAN: N-S 0.2°E
DAY: 047 DATE : 16 FEB 75
DURING TIME: 2206 T10: 2218 Z
240. 120
210. 120.
D 180.
-3 VN

o N .

- -4 -2 0 2 4 3
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 71. S-band beam N1 N — W 0.2° £ (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: §1 BEAM: N1

. FREQ: 2670 MHz SCAN: NS 0.19E
DAY: 047 DATE: 16 FEB 75
DURING TIME: 2222 TO: 2234 Z

- -4 -2 ] 2 4 S)
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 72. S-band beam N1 N — S 0.1° E (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: 81 BEAM: N1
®. FREQ: 2670 MHz SCAN: N-S ON-AXIS *
DAY : 047 DATE : 16 FEB 75

DURING TIME: 2238 TO: 2250 2

——
—
P

-6 -4 -2 o 2 4 6
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 73. S-band beam N1 N — S on-axis (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S1 BEAM: N1
. FREQ: 2670MHz SCAN:  N-S0.1°W
DAY: 047 DATE: 16 FEB 75

DURING TIME: 22563 TO: 2305 Z

~
L1\

-8 —4 -2 0 2 4 6
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 74. S-band beam N1 N — S 0.1° W (HET).
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240.

210.

DURING TIME: 2308

180.

ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: S1 BEAM: N1

. FREQ: 2670 MHz SCAN: N-S 0.2°W
DAY: 047 DATE : 16 FEB 75

TO: 2319 2

SOUTH

-4 -2 o 2
ROLL ANGLE IN DEGREES

Figure 75. S-band beam N1 N — S 0.2° W (HET).

NORTH
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210.

18q.

ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S2 BEAM: N2
FREQ: 2670 MHz SCAN: EW 1.7°N
DAY: 047 DATE: 16 FEB75

DURING TIME: 2112 . 70:2122 2

WEST

-2 g 2 4 6
PITCH ANGLE IN DEGREES EAST

Figure 76. S-band beam N2 E — W 1.7°N (HET),
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ATS-6 IN FLIGHT ANTENNA PATTERN

17 V“ FEED: S2 BEAM: N2
BEN ) o | 0
270, ey W FREQ: 2670MHz SCAN: EW 1.8°N
"' DAY: 047 DATE: 16 FEB 75

DURING TIME: 2050 TO: 2059 Z

18q.

12 [
-15
1B N |\
o1 / \
~_V \
a8 \ / \
—27

I
=)
..—--——"“"'-—-—‘-—_l
[r—
]
\

B —4 -2 a 2 4 3)
WEST PITCH ANGLE IN DEGREES EAST

Figure 77. S-band beam N2 E —W 1.8° N (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S2 BEAM: N2
M- FREQ: 2670 MHz SCAN= E-W 1.9°N
DAY: 047 DATE: 16 FEB 75

DURING TIME: 2035 TO: 2044 2

t
-
. ‘ .

)
|
|
f
|
|

) | . ) R N N
-5 —4 -2 g 2 4 6
WEST PITCH ANGLE IN DEGREES EAST

Figure 78. S-band beam N2 E —W 1.9° N (HET).

86



ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S2 BEAM: N2
% FREQ: 2670 MHz SCAN: E-W2.0°N '
DAY: 047 DATE: 16 FEB75

DURING TIME: 2019 TO: 2029 Z

WEST

-2 a 2 4 5)
PITCH ANGLE IN DEGREES EAST

Figure 79. S-band beam N2 E — W 2° N (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: s2 BEAM: N2
- FREQ: 2670 MHz SCAN: E-W 2.1°N
DAY : 047 DATE : 16 FEB 75

DURING Tlrlﬁz 1956 TO0: 2012 z

210. 1320.

1eq.

__._,.’—"/‘

. ~t=— ‘ ‘
e
—
i
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, [
:20 \ \I/-\'l/

t
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}
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-6 -4 -2 0 2 4 B
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Figure 80. S-band beam N2 E —W 2.1° N (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S2 BEAM: N2
0V FREQ: 2670 MHz SCAN: E-W 2.2°N
DAY : 047 DATE: 16 FEB 75

DURING TIME: 1945 TO: 1955 Z

- ~4 -2 a 2 4 3
WEST PITCH ANGLE IN DEGREES EAST

Figure 81. S-band beam N2 E —W 2.2° N (HET).

89



- ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: S2 BEAM: N2

2. m. FREQ: 2670 MHz SCAN: E-W 2.3°N

DAY: 047 DATE: 16 FEB 75

DURING TIME: 1930 TO: 1940 Z

240. l20.

210. 130.
18q.

-V
:z; AT |
d_ { 1\
-30 L o [ \ ff
33 \\/ [ ]( n

|
W
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-6 -4 -2 a 2 4 S)
WEST PITCH ANGLE IN DEGREES EAST

Figure 82. S-band beam N2 E — W 2.3° N (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S2 BEAM: N2
=. FREQ: 2670 MHz SCAN: N-S 0.2°W
DAY: 047 DATE : 16 FEB 75

DURING TIME: 1856 TO: 1906 Z

[\
[ 1\
NITER
[\l \
| \
~
'/ ' /
17 /
/
/
-6 -4 -2 a 2 4 B
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 83. S-band Beam N2 N — S 0.2° W (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S2 BEAM: N2
. FREQ: 2670MHz SCAN: N-S 0.19W
DAY: 047 DATE : 16 FEB 75

DURING TIME: 1832 TO: 1842 Z

[

"~

f
..
b

D

B -4 -2 a 2 4 6
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 84. S-band beam N2N — S 0.1° W (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: s2 BEAM: N2

. FREQ: 2670 MHz SCAN: N-S ON-AXIS
DAY : 047 CATE : 16 FEB 75
DURING TIME: 1817 TO: 1828 2

/N
/
N
|

VN

A
|

~J

N
Al

o 2 4 6
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 85. S-band beam N2 N — S on-axis (HET).
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: s2 BEAM: N2
m. FREQ: 2670 MHz SCAN: N-S 0.1°E
DAY : 047 DATE : 16 FEB 75

DURING TIME: 1802 T0O: 1813 z

-6 —4 -2 a 2 4 S)
S0UTH ROLL ANGLE IN DEGREES NORTH

Figure 86. S-band beam N2 N — S 0.1° E (HET).
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240.

210.

SOUTH

—4

2.
&0.
ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: s2 BEAM: N2
L. FREQ: 2670 MHz SCAN: N-S 0.2°E
DAY: 047 DATE : 16 FEB 75
DURING TIME: 1713 TO: 1724 Z
170,

A N[/
A

L) (-

-2 o 2 4 (3]
ROLL ANGLE IN DEGREES NORTH

Figure 87. S-band beam N2 N — S 0.2° E (HET).
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) S 1y |

330, 8 n
n. 4 &0.
ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: S2 BEAM: N2
270 W FREQ: 2670 MHz SCAN: N-S 0.3°E
DAY: 047 DATE: 16 FEB 75
0. DURING TIME: 1650 TO: 1700 Z
210. 130.
1B0.
Oy

. A [/“\/

-6 -4 -2 a 2 4 3]
SOUTH ROLL ANGLE IN DEGREES NORTH

Figure 88. S-band beam N2 N — S 0.3° E (HET),
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: Nt. BEAM: 81
@ FREQ: 2075MHz  SCAN: W-E.
DAY: 308 DATE: 11/04/74

= DURING TIME: 0603 TO: 06182

WEST

4,

-3.

-2. =-1. -0, 1. 2. 3.
ANGLE FROM PITCH AXIS IN DEGREES

Figure 89. S-band beam S1E — W,

\ EAsT
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: N1 BEAM: S1
% FREQ: 2076MHz SCAN: SN
Day: 308 CATE: 11/04/74

DURING TIME: 0637 T0: 08512

o~

-10. \ N

-25. N/

-335,
-40 L \}
A
i [ 1
-45. ; , L L
5. -4, -3, -2, -1 -o. i 2. 3. 4. s.
SOUTH ANGLE FROM ROLL AXIS INORTH

Figure 90. S-band beam S1 N — S,
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-40.

66

ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: E1 BEAM: W1
= FREQ: 2075MHz  SCAN: W-E
DAY: 308 DATE: 11/04/74
. DURING TIME: 0426 TO: 04392

-5. -4. -3. -2. -1, -0. 1. 2. 3. 4. 3.

WEST ANGLE FROM PITCH AXIS IN DEGREES \EAST

Figure 91. S-band beam W1 E —W.
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ATS-B IN FLIGHT ANTENNA PATTERN
FEED: E1 BEAM: W1
=. FREQ: . SCAN: S-N
DAY: 308 DATE: 11/04/74
. DURING TIME: 0508 TO: 05222

TR

-10.

. VU

_35 \
_40 \
-45. i
-5, -4, -3. -2. -1, -a, 1. 2. 4.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES INORTH

Figure 92. S-band beam W1 N —S.
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ATS-B IN FLIGHT ANTENNA PATTERN
FEED: E1 BEAM: W1
= FREQ: 2075MHz SCAN: W-E 0.3°N

300 DATE: 10/27/74

DURING TIME: 0541 TC: 05542

o. 1. 2.
ANGLE FROM PITCH AXIS IN DEGREES

Figure 93. S-band beam W1 E — W 0.3°N.

EAST
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: E1

=. FREQ: 2075MHz
DAY: 300
DURING TIME:

BEAM: W1
SCAN: S-N 1°W
DATE: 10/27/74

0605 TO: 0619Z

Ve

<

-23.
-30.
-35,

|

i

| |

-40. J ]

-3. 2. -1, 0. 1. 2. 3.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 94. S:banet-beam W1 N —5S 1O W.



ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: E2 BEAM: W2

. FREQ: 2075 MHz SCAN: E-W

DAY 306 DATE: 11/02/74

DURING TIME: 2305 TO: 23132

/’“W

NN / N\

iR
o

-
l\\

-35.
’40- F‘
-45.¢
-5 -4 -3. -2 -1 -0 1
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 95. S-band beam W2 E — W.
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: E2 BEAM: W2
= FREQ: 2075MHz SCAN: NS 1.87°W
DAY: 306 DATE: 11/02/74

DURING TIME: 2134 TO: 2150 Z

7N

-5, -4, -3. 2. -l -0. 1. 2. 3. 4. 3.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES NORTH

Figure 96. S-band beam W2 N —S 1.87°W.
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ATS-5 IN FLIGHT ANTENNA PATTERN

FEED: E2 - BEAM: W2
®. FREQ: 2075MHz SCAN: NS 1.7°W
DAY: 06 DATE: 11/02/74

DURING TIME: 2242 TO: 22562

SOUTH!

-2,

ANGLE FROM ROLL AXIS IN DEGREES

Figure 97. S-band beam W2 N ~S 1.7° W,

-1, -a. 1. 2, 3.

3.
INORTH
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: sS4 BEAM: N4

= FREQ: 2075MHz SCAN: W-E 3.8°N
DAY: 299 DATE: 10/26/74
DURING TIME: 0842 TO: 08562

-3. 2. ~1. 0. 1. 2. 3. 4. 3.
ANGLE FROM PITCH AXIS IN DEGREES | EAST

Figure 98. S-band beam N4 E —W 3.8° N_
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S4 BEAM: N4
=. FREQ: 2076MHz SCAN: N-§
DAY: 299 DATE: 10/26/74

DURING TIME: 0913 TO: 09302

-5. / \

-1id. /\V

-15. //\\// \\
® ' / AN

-20. /—\\\ {

-25. V

-30.

-35,

-40,

-1 0. 1. 2. 3. 4. S. 9.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES '"NORTH

Figure 99. S-band beam N4 N — S,
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ATS-6 IN FLIGHT ANTENNA PATTERN

FEED: S5 BEAM: N&
®. FREQ: 2076MHz SCAN: W-E 48° N
DaY: 299 DATE: 10/26/74

DURING TIME: 0949 TO: 1004 Z

avi VAR

. ' A

-3. 2. -1. a. 1.
WEST ANGLE FROM PITCH AXIS IN DEGREES

Figure 100. S-band beam NG E — W 4.8° N_

2. 3. 4.

EAST
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-10.

-40,

FEED:
=. FREQ:
DAY:

ATS-6 IN FLIGHT ANTENNA PATTERN

S5 BEAM: N5
2075 MHz  SCAN: N-§
299 DATE: 10/26/74

DURING TIME: 1025 T0: 10432

-1,

] l )
-~ N\
/ \v/ \
N
/S \ I \
I 2. 3. 4. 5. 6. 7. 9.
SOUTH ANGLE FROM ROLL AXIS IN DEGREES ' NORTH

Figure 101. S-band beam N5 N —S.



C-BAND ON-AXIS PFF BEAM PATTERNS

These C-band beam patterns are of special interest because of its narrow beam width. The
contour of the 9.1-meter soft dish parabola forming the C-band beam may possibly be

studied by means of the antenna patterns. The patterns may be correlated to parameters like the
the time of day and sun angle. Any shift in the peak of the beam, or shape of the pattern,

may reveal the behavior of the 9.1-meter parabola while in orbit.

~ Figures 102 and 103 are patterns showing both preflight and postflight results. The differ-
ences tay be explained, in part, by the preflight model (hard dish) being different from the
flight model (soft dish) structure.

A series of patterns were made for cuts 0.1° apart in the E — W directions (Figures 104
through 112) as well as for the N — S directions (Figures 113 through 121). The angular
scale has been amplified, and where possible, the actual plotted points are shown.
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ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: C-BAND PFF BEAM: RECV.ON-AXIS
. FREQ: 5972 MHz SCAN: E-W

DAY : 19 DATE: 01/19/75

DURING TIME: 0148 TO: 01542
PRE-FLIGHT PATTERN NO. 6

9/25/73

HARD DISH 5925 MHz
LEGEND: PRE-FLIGHT PATTERN

IN-FLIGHT PATTERN -O-O--O~

oD M » N O
1
—

T

e

)

RELATIVE POWER -dB

n
»
i~

6
|1-8-6-4-2 0 .24 6 81
WEST ANGLE FROM PITCH AXIS IN DEGREES EAST

Figure 102. C-band beam E — W.
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RELATIVE POWER - dB

34

36

ATS-6 IN FLIGHT ANTENNA PATTERN
FEED: C-BAND PFF BEAM: RECV.ON-AXIS

. FREQ: 5972MHz  5CAN: N-S

DAY: 19 DATE: 01/19/75
DURING TIME: 0501 TO: 0638Z
PRE-FLIGHT PATTERN NO. 19

9/25/73
HARD DISH 5925 MHz

LEGEND: PRE-FLIGHT PATTERN
IN-FLIGHT PATTERN -O- -O- -O-

\L
. Q
4 Q
p.s
|
|
J| |
l 2
> 5
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Figure 104. C-band beam PFF on-axis E — W 0.3° S,
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Figure 105. C-band beam PFF on-axis E — W 0.2°s.
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Figure 107. C-band beam PFF on-axis E —W.
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Figure 108. C-band beam PFF on-axis E — W 0.1° N.
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Figure 109. C-band beam PFF on-axis E — W 0.2° N.
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Figure 111. C-band beam PFF on-axis E — W 0.4° N,
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Figure 112, C-band beam PFF on-axis E —W 0.56° N.
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Figure 114. C-band beam PFF on-axis N — S 0.3° E.
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Figure 115. C-band beam PFF on-axis N — S 0.2° E.
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Figure 116. C-band beam PFF on-axisN — S 0,1° E.
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Figure 117. C-band beam PFF on-axis N — S.
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Figure 118, C-band beam PFF on-axisN — S 0.1°Ww.
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Figure 119. C-band beam PFF on-axisN —S 0.2°W,

128



ATS-6 IN FLIGHT ANTENNA PATTERN
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Figure 120. C-band beam PFF on-axis N — S 0.3° w.
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Figure 121. C-band beam PFF on-axis N — S 0.4° W.
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CONCLUSION

The ATS-6 antenna pattém measurement was made possible because of the cooperation
of many people and a great deal of management support. The patterns presented were
those obtained by means of the 9. IJmeter parabolic dish. Appendix A is an example of

' “footprints* for various antenna beams, whose field of view may be derived from the

' antenna patterns.

REFERENCES
1. The ATS-F Data Book, Rev. May 1974
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APPENDIX A

INTRODUCTION

The purpose of presenting the following figures is to provide an example of a useful applica-
tion of measured antenna patterns. Antenna patterns provide the values of relative power
levels of RF energy with respect to the angular distance from the antenna’s boresight. ATS
Antenna Footprints show how the transmitted beam from the ATS-6 9.1 meter parabolic
antenna at synchronous altitude illuminates the earth. Footprints shown on maps represent
the beamwidth or 3 dB contour (half-power points) unless otherwise noted.

Description of Figures

Fig. A-1, Footprints in Increments of 2° from ATS-6, shows how the conical angles emanat-
ing from ATS-6 at synchronous altitude, intercept the earth when it is pointing to its sub-
satellite point on the equator at 94° West Longitude.

Fig. A-2, VHF Beam 137.11 MHz to Ahmedabad from 35° East Longitude, India, contains
contours in steps of 1 dB relative power. Corresponding beamwidths to the relative power
contours are given. The limits of visibility or horizon from ATS-6 are shown.

The UHF beam is shown in Fig. A-3. It is centered on Ahmedabad, India from ATS-6 at
35° East Longitude. This beam is used for instructional TV.

The L-band Pencil Beam and Fan beam are shown in Figures A-4 and A-5, respectively.
Fig. A-4 shows the L-band Pencil Beam centered on Halifax, Nova Scotia from 94° West
Longitude. Fig. A-5 shows how the L-band Fan Beam illuminates the North Atlantic air
traffic corridor. This specific antenna footprint was accomplished by pointing ATS-6 0.4°
South of Rosman from 94° West Longitude.

The S-band beams used in the HET (Health Education TV) experiment are shown in Figures
A-6 through A-8. The HET experiment also used the C-band beam shown in Figure A-9.
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